Neuroendocrine mechanisms underlying regulation of mating flight behaviors in male honey bees (Apis mellifera L.).
We determined the neuroendocrine mechanisms underlying regulation of mating flight behaviors in male honey bees. Both a precursor of dopamine (3,4-dihydroxyphenylalanine: DOPA) and a precursor of octopamine (tyramine) in the brain decreased in an age-dependent fashion before sexual maturation (i.e. 8days of age), whereas the levels of brain dopamine, dopamine metabolites (N-acetyldopamine and norepinephrine) and octopamine were increased. These age-dependent increases of dopamine and octopamine were also detected in the meso-metathoracic ganglia. Injection of either dopamine or octopamine into 7-8-day-old males shortened the duration for flight-initiation and increased the duration of wing vibration, indicating that both dopamine and octopamine enhance the flight-initiation and -sustaining activities in males. Applications of a juvenile hormone analog (methoprene) enhanced the levels of dopamine in the brains of 4-day-old males, but this enhancement was not detected in either brain octopamine or meso-metathoracic dopamine and octopamine. Thus, we found that both dopamine and octopamine in the brain and meso-metathoracic ganglia increase until sexual maturation and could enhance the activities of mating flight independently; in addition, the increase in levels of dopamine in the brain could be selectively regulated by juvenile hormone. The regulatory systems of dopamine and octopamine in honey bee males might be 'classical' and similar to those of primitively eusocial hymenopterans, and partly adapt to the short lifespan with a single mating system in the males.